We use time-domain optical spectroscopy to distinguish between broad emission lines powered by accreting black holes (BHs) or stellar processes (i.e., supernovae) for 16 galaxies identified as AGN candidates by Reines et al. (2013) . Our study is primarily focused on those objects with narrow emission-line ratios dominated by star formation. Based on follow-up spectra taken with the Magellan Echellette Spectrograph (MagE), the Dual Imaging Spectrograph, and the Ohio State Multi-Object Spectrograph, we find that the broad Hα emission has faded or was ambiguous for all of the star-forming objects (14/16) over baselines ranging from 5 to 14 years. For the two objects in our follow-up sample with narrow-line AGN signatures (RGG 9 and RGG 119), we find persistent broad Hα emission consistent with an AGN origin. Additionally, we use our MagE observations to measure stellar velocity dispersions for 15 objects in the Reines et al. (2013) sample, all with narrow-line ratios indicating the presence of an AGN. Stellar masses range from ∼ 5 × 10 8 to 3 × 10 9 M , and we measure σ * ranging from 28 − 71 km s −1 . These σ * correspond to some of the lowest-mass galaxies with optical signatures of AGN activity. We show that RGG 119, the one object which has both a measured σ * and persistent broad Hα emission, falls near the extrapolation of the M BH − σ relation to the low-mass end.
1. INTRODUCTION While massive black holes (BHs; here defined as M BH 10 4−5 M ) are ubiquitous in the centers of galaxies of Milky Way mass and larger (Magorrian et al. 1998) , little is known about the occurrence rate and properties of BHs in dwarf galaxies (i.e., galaxies with M 10 9.5 M ). Studying the population of BHs in dwarf galaxies is useful for understanding BH formation and growth in the early universe. Having had relatively quiet merger histories, their BHs may have masses similar to their "birth" mass (e.g., Volonteri 2010; Bellovary et al. 2011) .
Clues to the formation of BH seeds may reside in the well studied relation between BH mass and stellar velocity dispersion (see e.g., Ferrarese & Merritt 2000; Gebhardt et al. 2000; Gültekin et al. 2009 ). Using semi-analytic modeling, Volonteri & Natarajan (2009) find that, while the relationship between BH mass and velocity dispersion (or the M BH − σ relation) is in place by z ∼ 4 for massive halos, systems with lower mass BHs (M BH < 10 6 M ) evolve onto it at later times. If BH seeds form "light" (∼ 10 2 M ; the remnants of Population III stars, see e.g., Madau & Rees 2001; Alvarez et al. 2009; Madau et al. 2014) , then BHs begin as undermassive with respect to the local M BH − σ relation, and will evolve towards it from below. Alternatively, if BH seeds form ies with spectroscopic signatures of AGN activity based on their narrow and/or broad emission lines. Out of ∼ 25, 000 nearby (z ≤ 0.055; D 250 Mpc) dwarf galaxies in the SDSS, they identified 136 galaxies with narrow-line ratios indicating photoionization at least partly due to an AGN based on the BPT (Baldwin, Phillips & Terlevich 1981) diagram, i.e., they were classified as either AGN or AGN/star-forming composites (see also Kewley et al. 2001; Kauffmann et al. 2003 ; Kewley et al. 2006) . A fraction of these also had broad Hα emission. Additionally, R13 identified 15 galaxies with broad Hα emission in their SDSS spectroscopy (FWHM ranging from ∼ 600 − 3700 km s −1 ), but with narrow-line ratios that placed them in the star forming region of the BPT diagram. We are particularly concerned with the origin of the broad emission in these systems.
Broad Balmer emission with FWHM up to several thousand kilometers per second can be produced by stellar processes such as Type II supernovae (Filippenko 1997; Pritchard et al. 2012) , luminous blue variables (Smith et al. 2011a) , or WolfRayet stars. Follow-up spectroscopy, taken over a sufficiently long baseline, can help distinguish between an AGN and one of the aforementioned transient stellar phenomena.
Here, we present follow-up optical spectroscopic observations of 14 of the 15 BPT star forming galaxies with broad Hα presented in R13, as well as observations of ten BPT AGN (one with broad Hα) and three BPT composites (one with broad Hα). Follow-up observations for RGG 118 -the current record holder for the lowest-mass BH in a galaxy nucleus -were presented separately in Baldassare et al. (2015) . The goals of this work are two-fold. First, for our targets which were identified by R13 to have broad Hα emission (broader than narrow lines such as [SII] λλ6713,6731) with FWHM > 500 km s −1 , we analyze their spectra and determine whether the broad Hα emission is still present and consistent with previous observations. Second, for galaxies with sufficiently high-resolution follow-up spectroscopy, we measure stellar velocity dispersions.
In Section 2, we describe our observations and data reduction procedures. In Section 3, we discuss our emission line fitting analysis and report stellar velocity dispersion measurements for objects with sufficiently high spectral resolution data. In Section 4, we present results from the follow-up spectroscopy for the broad line objects.
OBSERVATIONS AND DATA REDUCTION
The sample analyzed here is comprised of 27 total targets. Of these, 16 comprise our "SDSS broad Hα sample" or galaxies identified to have broad Hα emission in their SDSS spectroscopy. In the SDSS broad Hα sample, 14 objects are BPT star forming, 1 is a BPT composite and 1 is a BPT AGN. Additionally, we have follow-up observations for 11 objects (9 BPT AGN and 2 BPT composites) that did not have broad Hα emission in their SDSS spectroscopy. In addition to the SDSS observations, each galaxy has one or two follow-up spectroscopic observations taken between 5 and 14 years after the SDSS spectrum. Below, we outline our observations and data reduction procedures for each instrument used. See Table 1 for a summary of our sample and observations. All spectra were corrected for Galactic extinction.
Clay/MagE. We observed 16 targets (including RGG 118) with the Magellan Echellette Spectrograph (MagE; Marshall et al. 2008) . MagE is a moderate-resolution (R=4100) spectrograph on the 6.5m Clay Telescope at Las Campanas Observatory. Data were collected on the nights of 2013 April 18-19 using a 1 slit. Spectral coverage spans roughly from 3200Å to 10000Å across 15 orders. Seeing was measured to be 0.5 -1.2 over the two nights. Total exposure times per object ranged from 1800 to 4800s. A thorium argon arc lamp was observed for wavelength calibration, and the flux standard θ Crt was observed for flux calibration. Flux calibrated reference spectra were obtained from the European Southern Observatory library of spectrophotometric standards.
Flat fielding, sky subtraction, extraction, wavelength calibration, and flux calibration were performed with the mage reduce pipeline written by George Becker. 10 Onedimensional spectra were extracted with a 3 aperture (the larger signal within 3 was useful for determining stellar velocity dispersions; see Section 3.2).
APO/DIS.
Eight targets were observed with the Dual Imaging Spectrograph (DIS 11 ) on the 3.5m Astrophysical Research Consortium telescope at Apache Point Observatory. Observations were taken using a 1.5 slit. DIS consists of a red channel and a blue channel, with a transition wavelength of ∼ 5350Å. We used the B1200 and R1200 gratings (R=1200), which give linear dispersions of 0.62Å/pix for the blue channel and 0.58 A/pix for the red channel. DIS targets were observed on the nights of 2013 February 9, 2013 February 16, and 2013 March 15. Each object had three exposures with individual exposure times of 1200s. A Helium-Neon-Argon lamp was observed for wavelength calibration, and standard stars Feige 34 and Feige 66 were observed for flux calibration. The flux calibrated reference spectra were obtained from the Hubble Space Telescope CALSPEC Calibration Database.
Reductions for the two-dimensional images, as well as extraction of the one-dimensional spectra and wavelength calibration were done using standard longslit reduction procedures in IRAF 12 following Massey et al. 1992 and Massey 1997 .
MDM/OSMOS.
We observed ten targets with the Ohio State Multi-Object Spectrograph (OSMOS; Martini et al. 2011 ) on the MDM Observatory 2.4 Hiltner Telescope on 2 February 2014 and 20-23 January 2015. For each target, we used a 1.2 by 20 slit, with a VPH grism (R = 1600, or 0.7Å / pixel), which covered an observed wavelength range of 3900−6900Å . The seeing was measured to be 0.8 -1.1 for the February 2 observation, and between 0.8 -1.8 for the January 20-23 observations. Each object was observed with multiple exposures of 1800s. For wavelength calibration, we observed an Argon arc lamp, and for flux calibration, we observed the spectrophotometric standards Feige 34 and Feige 66.
The data were reduced following standard IRAF routines from the longslit package, including bias and dark subtrac- Table 1 . Summary of our spectroscopic observations. The first column gives the ID assigned in Reines et al. (2013) , the second gives the NASA-Sloan Atlas ID, and the third column gives the SDSS designation. Redshift is given in the fourth column, and the fifth column gives the region of the BPT diagram in which the object fell in R13 based on analysis of the SDSS spectrum. The remaining four columns give the dates of observations for SDSS, DIS, MagE, and MDM when applicable. The R13 ID and NSAID for objects in the SDSS broad Hα sample are shown in bold. Note that observations for RGG 118 were presented in a prior work (Baldassare et al. 2015) .
tion, flat fielding, wavelength calibration, and telluric and background subtraction. One-dimensional spectra were then extracted using a ∼ 3 aperture along the slit, and corrected for heliocentric velocity.
SDSS.
For purposes of comparison, we also make use of the SDSS observations of the galaxies in our sample. The objects were originally selected by R13 by analyzing SDSS spectroscopy of ∼ 25, 000 dwarf emission line galaxies in the NASA-Sloan Atlas 13 .
3. ANALYSIS 3.1. Emission line modeling For each galaxy, we modeled the Hα-[NII] complex in order to ascertain whether broad Hα emission was present. We summarize the general procedure here, though more thorough discussions can be found in R13 and Baldassare et al. (2015) . In this work, we are mainly interested in whether a broad Hα emission line is present. Thus, we simply fit the continuum as a line across the region surrounding the Hα-[NII] complex. This also ensures that we do not artificially introduce a broad line by over-subtracting an absorption feature. We then create a model for the narrow-line emission using an intrinsically narrow-line (e.g., [SII] λλ 6713,6731; forbidden lines are guaranteed not to be produced in the dense broad line region gas). We use the narrow-line model to fit the narrow Hα emission and the [NII] lines simultaneously. The width of the narrow Hα line is allowed to increase by up to 25%. The relative amplitudes of the [NII] lines are fixed to their laboratory values. We next add an additional Gaussian component to the model to represent broad Hα emission. If the preferred FWHM for the component is > 500 km s −1 and the χ 2 ν is improved by at least 20%, then we classify the galaxy as having persistent broad Hα emission (Hao et al. 2005; R13) . As noted in R13, this threshold is somewhat arbitrary, but found to be empirically suitable for this work. If the broad model is preferred, we attempt to add an additional broad component, effectively allowing the broad emission to be modeled with up to two Gaussians. Once we have our best-fit model (i.e., adding additional components no longer improves the χ 2 ν by our threshold value), we measure the FWHM and luminosity of broad Hα, if present. We model and measure emission line fluxes for Hβ and [OIII] λ5007. Below, we discuss the narrow-line models used for each instrument.
3.1.1. Narrow-line models MagE: For the MagE spectra, we follow R13 and model the narrow-line emission by fitting Gaussian profiles to the [SII] λλ6713,6731 doublet. In our modeling, the two lines are required to have the same width.
OSMOS:
The wavelength coverage of the OSMOS spectra does not extend to the [SII] doublet, so here we model the narrow emission with the [OIII] λ5007 line. The profile of [OIII] often has a core component and a wing component (Heckman et al. 1981; De Robertis & Osterbrock 1984; Whittle 1985; Greene & Ho 2005a; Mullaney et al. 2013; Zakamska & Greene 2014 
DIS:
For the DIS spectra, we also use the [SII] lines to model the narrow-line emission. However, the emission lines in the DIS spectra display some additional instrumental broadening, which we observe in the red channel arc lamp spectra (see Figure 1 ). Since this instrumental broadening is not visible in low S/N [SII] lines but can still affect the fit to Hα, we created a basic model for the narrow-line emission to use in fitting the [SII] lines. Using the galaxy spectrum for which the [SII] lines had the most flux, we generated a narrow-line model consisting of two Gaussians with fixed relative amplitudes and widths. This basic shape was then used to model [SII] lines in all other DIS galaxy spectra, and correspondingly, their narrow Hα and [NII] lines. Figure 2 shows the [SII] lines from a representative DIS spectrum.
Given the instrumental broad component seen in the emission lines, we tested the degree to which the narrow-line model affects the presence/properties of broad Hα emission to ensure that our results were not influenced by this broadening. To do this, we created two additional narrow-line models: one where the instrumental broadening is less prevalent (i.e., we reduced the relative width and relative amplitude of the "broad" narrow-line component by 10%), and one where it is more prevalent (i.e., the relative width and amplitude are increased by 10%). We then refit the spectra and assessed the security of our broad Hα detections. We found this to have little effect on the FWHM and luminosity of broad Hα for se- 109990). The black line shows the observed spectrum, the red line is our best fit to the two lines, and the solid blue lines show the various components corresponding to our best fit of the two [SII] lines. We constrain the relative heights and widths of the "narrow" and "broad" components and use that model to fit the narrow-lines in the Hα-[NII] complex for DIS observations. cure detections (i.e., FWHM varied by less than 10%), but to greatly influence these measured quantities for more ambiguous detections (with the FWHM varying by as much as 90% for a slightly different narrow-line model). We err on the side of caution in our classifications; objects which have ambiguous broad Hα detections in their DIS spectra are classified as ambiguous.
Stellar velocity dispersions
We measured stellar velocity dispersions for 15 galaxies with MagE observations using pPXF (Penalized Pixel Fitting; Cappellari & Emsellem 2004) . As a reminder, of these, 9 are classified as BPT AGN, 3 are BPT composites, and 3 are BPT star forming galaxies. Four galaxies (1 composite and 3 star forming) overlap with our SDSS broad Hα sample.
PPXF uses a library of stellar templates to fit the stellar continuum and kinematics of a galaxy spectrum. We used a library of 51 stars from the ELODIE spectral database (Prugniel & Soubiran 2001) . Our library consists of stars covering spectral classes from O through M and luminosity classes from bright giants to dwarfs (see Appendix Table A1 for a list of stars and spectral types). The ELODIE spectra span from 3900Å to 6800Å in wavelength and have a spectral resolution of R=10,000.
We measured stellar velocity dispersions in region of the spectrum surrounding the Mg b triplet, spanning from 5100Å to 5250Å(see Figure 3 ). We fit each region using combinations of low-order multiplicative and additive polynomials (orders range from 1 to 4; see e.g., Woo et al. 2010 Woo et al. , 2015 , and report the mean value for all measurements. Uncertainties are reported by PPXF for each individual fit (i.e. each combination of multiplicative and additive polynomial). We take the mean for all velocity dispersion measurements the Mg b band and add the errors in quadrature to obtain a velocity dispersion measurement and corresponding error estimate. We measure σ values ranging from 28 − 71 km s Table 2 . Stellar velocity dispersion measurements for objects with MagE data. Stellar velocity dispersions were measured in the Mg b region of the spectrum. measurements are presented in Table 2 .
BROAD LINE AGN CANDIDATES: RESULTS
We show the locations of all 16 SDSS broad Hα targets on the BPT diagram in Figure 4 . Based on our follow-up spectroscopy, we classify our targets as having SDSS broad Hα emission that is: transient (broad Hα is not present in follow-up spectra), persistent (broad Hα is present in followup spectroscopy and consistent with prior observations), or ambiguous (state of broad emission is unclear). In the following subsections, we describe our classifications in more detail. Table 3 summarizes the results of this analysis. Figures showing the fits to Hβ, [OIII] , and Hα are given for each observation in the Appendix. See Section 6 for a discussion on aperture effects and intrinsic variability as they relate to this work.
Transient broad Hα
Out of the 16 objects with SDSS broad Hα, we find 11 to have transient broad Hα emission, i.e., they lacked broad emission in their followup spectroscopic observations (see Figure 5 for an example). All 11 fall in the "HII" region of the BPT diagram, which indicates the presence of recent star formation in the galaxy. We note that several objects (e.g., RGG G, RGG F; see Appendix) had additional components in their Hα line models with FWHMs of a few hundred km s −1 ; since these are all narrower than the broad emission in the SDSS spectra and fall below our FWHM cut of 500 km s −1 , we do not classify those objects as having persistent broad emission. Given the narrow-emission line ratios and host galaxy properties, we consider Type II supernovae (SNe) to be the most likely origin for the transient broad Hα (see Section 5 for more details). We note that, as discussed in detail in R13, luminous blue variables (Smith et al. 2011a ) and WolfRayet stars can also produce transient broad Hα emission. However, Wolf-Rayet stars typically produce other notable spectral features, such as the Wolf-Rayet bump from λ4650-5690Å. Moreover, their spectra don't typically have strong hydrogen lines (Crowther 2007; Crowther & Walborn 2011) . Finally, recent work has revealed the existence of "changing look" quasars, i.e., quasars with broad Balmer emission lines that fade significantly over the course of 5-10 years (see e.g., Runnoe et al. 2016; Ruan et al. 2015) . In the case of changing look quasar SDSS J101152.98+544206.4, the broad Hα luminosity dropped by a factor of 55 on this timescale. This behavior is suspected to be caused by a sudden drop in accretion rate.
Persistent broad Hα
We identified 2/16 objects with secure, persistent broad Hα emission. RGG 9 14 (NSA 10779), is classified as an AGN on the BPT diagram based on its SDSS spectrum. We observe broad Hα emission in both the SDSS spectrum and the DIS spectrum, taken 13 years apart (see Figure 6 for the best fit to the DIS spectrum). The second secure broad line object, RGG 119 (NSA 79874), is classified as a composite object on the BPT diagram. This object has broad Hα emission in the SDSS, MagE, and DIS spectra, spanning five years (see Figure 7) .
We compute the mass of the central BH using standard virial techniques which employ only the FWHM and luminosity of the broad Hα emission (Greene & Ho 2005b; Bentz et al. 2009 Bentz et al. , 2013 . The calculation also includes a scale factor intended to account for the unknown geometry of the broad line region; we adopt = 1 (see Equation 5 in R13). This method makes use of multiple scaling relations between parameters (e.g., the relation between FWHM Hα and FWHM Hβ ), each of which has its own intrinsic scatter, giving a systematic uncertainty on the measured BH mass of 0.42 dex (Baldassare et al. 2015) . To ensure that our choice of continuum subtraction method would not affect our BH mass estimates, we measured BH masses for the SDSS spectra using both R13 and our continuum subtraction, and found the masses to be consistent with one another.
For RGG 9, we measure a BH mass from the SDSS observation of 3.5(±0.7) × 10 5 M . From the DIS observation, we measure a BH mass of 3.7(±0.3) × 10 5 M . Using these two measurements, we compute a mean mass of M BH = 3.6(±0.8) × 10 5 M . Taking into account the systematic uncertainty of 0.42 dex, this gives us a final estimate of M BH = 3.6 +5.9 −2.3 × 10 5 M . Using the stellar mass of RGG 9 from R13 (M = 2.3 × 10 9 M ), we compute a BH mass- (Baldwin et al. 1981 ) using the classification of Kewley et al. (2006) . Each target is plotted in a different color. Note that there are two points for RGG J corresponding to the two SDSS observations. A diamond indicates that broad Hα was present in follow-up spectroscopy ('persistent'), a square indicates an ambiguous follow-up broad Hα detection, and a circle indicates that broad Hα was not detected in follow-up observations ('transient').
to-stellar mass ratio of M BH /M = 1.6 × 10 −4 . For RGG 119, we measure a BH mass of 2.1(±0.5) × 10 5 M from the SDSS spectroscopy. The MagE observation yields a BH mass of 2.9(±0.2) × 10 5 M , and the DIS observation gives a BH mass of 3.6(±0.3) × 10 5 M . We compute a mean BH mass of M BH = 2.9(±0.6) × 10 5 M using the three spectroscopic observations. With the additional systematic uncertainty, our final BH mass estimate is M BH = 2.9 +4.9 −1.8 × 10 5 M . R13 reports a stellar mass of M = 2.1 × 10 9 M for RGG 119, giving a BH mass to stellar mass ratio of M BH /M = 1.3 × 10 −4 . See Table 4 for the measured broad Hα FWHM and luminosities, and corresponding BH masses for each observation. We note that our measured BH masses are consistent with those measured in R13 (2.5 × 10 5 M and 5.0 × 10 5 M for RGG 9 and RGG 119, respectively). We also refer the reader to Section 6 for a discussion of the potential effect of instrumentation/aperture on the measured properties of the broad Hα emission.
Using the MagE spectrum of RGG 119 we measure a stellar velocity dispersion of 28 ± 6 km s −1 from the Mg b triplet, and place this galaxy on the M BH -σ relation (Figure 8) . RGG 119 sits close to the extrapolation of M BH -σ to low BH masses, similar to well-studied low-mass AGN NGC 4395 (Filippenko & Ho 2003 ) and Pox 52 (Barth et al. 2004) . Our BH-to-galaxy stellar mass ratios are also consistent with other low-mass AGNs (Reines & Volonteri 2015) .
Ambiguous galaxies
In three cases, we were unable to definitively state whether broad Hα emission was still present and thus classify these objects as ambiguous. All three ambiguous galaxies fall in the HII region of the BPT diagram.
RGG B (NSA 15952) was observed to have broad Hα emission in its SDSS spectrum and OSMOS spectrum. Moreover, if we fit the broad Hα emission from each spectrum with one Gaussian component, we get FWHM Hα,SDSS = 1036±69 km s −1 , and FWHM Hα,OSMOS = 977±32 km s −1 (i.e., the broad components are consistent with one another). However, the DIS spectrum -taken in between the SDSS and OSMOS spectra -does not require a broad component according to our criteria. We cannot discount that we do not detect a broad component in the DIS spectrum due to the atypical narrow-line shapes. Nevertheless, additional followup spectroscopy of RGG B would be useful for determining the true nature of the SDSS broad Hα emission. We note that RGG B is of particular interest since its position on the BPT diagram is consistent with a low-metallicity AGN (Izotov et al. 2007 ). Line ratios involving [NII] are affected by the metallicity of the AGN host galaxy ) and AGN hosts with sub-solar metallicities can migrate left-ward into the star forming region of the BPT diagram. RGG I (NSA 112250) has broad emission detected in the SDSS, DIS, and OSMOS spectra, but the FWHM measured for the DIS spectrum is highly dependent on the narrowline model used, i.e., changing the parameters of the narrowline model changes the measured FWHM by up to ∼ 90%. The FWHM is also not consistent between the three spectra Table 3 . Summary of our analysis for the SDSS broad Hα sample. All objects here were observed to have broad Hα in their SDSS spectroscopy in R13. Columns 1 & 2 list the R13 and NASA-Sloan Atlas ID for each object. Columns 3 & 4 list the luminosity and FWHM of the broad emission measured in R13. Column 5 lists the instrument(s) used for the follow-up spectroscopy, and Column 6 lists the time between the SDSS observation and most recent follow-up observation. Column 7 presents the classifications determined in this work. Table 4 . Best fit broad Hα FWHM and luminosity from each observation for objects found to have persistent broad Hα emission. We also present the corresponding BH mass calculated using the FWHM and luminosity. These values are all measured using the fitting code described in this paper, but the SDSS spectra are continuum subtracted using continuum fits obtained by R13, while the continua in the DIS and MagE spectra were modeled with a straight line.
(1237 ± 69 km s −1 , 316 ± 27 km s −1 , and 1717 ± 32 km s
for SDSS, DIS, and OSMOS, respectively). Finally, RGG K (NSA 91579) has a highly asymmetric broad line observed in the SDSS and OSMOS spectra. However, the DIS spectrum, taken in between the SDSS and OS-MOS observations, does not require a broad component. We do observe asymmetric Hα emission by eye in the all three spectra. Similarly to with RGG B, we cannot rule out that there is indeed persistent broad Hα emission, and that the DIS spectrum does not require it because of issues relating to the fitting of the unusually shaped narrow lines. Additional observations of all three ambiguous broad Hα targets will be necessary to determine whether these objects do indeed host AGN. See the Appendix for figures showing fits for all observations of the ambiguous objects.
TYPE II SUPERNOVAE IN DWARF GALAXIES
We consider Type II supernovae the most-likely explanation for the fading broad Hα emission observed in 11/16 objects in our SDSS broad Hα sample. In this section, we further examine our SNe II candidates, and discuss this hypothesis in more detail. All 11 objects with transient broad Hα have narrow line ratios consistent with recent star formation. Moreover, their broad emission properties and galaxy properties are offset from the remainder of the SDSS broad line objects in two important ways.
As seen in Figure 9 , SDSS broad emission that we found to be transient tended to have larger FWHM and broad lines that were more offset from the Hα line center in velocity space. All SDSS broad Hα emission lines with FWHM 2000 km s −1 in our sample were found to be transient, as well as all those with absolute velocity offsets of more than ∼ 200 km s −1 . Additionally, galaxies with transient broad Hα also tend to be bluer with respect to the sample of broad and narrowline candidate AGN host galaxies from R13 ( Figure 10 ). The narrow-line AGN candidates were found to have a median galaxy color of g − r = 0.51 (R13), while the transient broad Hα galaxies have a median host galaxy color of g − r = 0.22 (with all transient broad Hα galaxies having g − r < 0.4). This suggests the transient broad Hα galaxies have, in general, younger stellar populations more likely to produce SNe II.
Using time-domain spectroscopy, we have empirically identified targets most likely to be SNe based on the disappearance of broad emission lines over long (∼ 5 − 10 year) time scales. A complementary analysis was performed by Graur et al. (2013 Graur et al. ( , 2015 . They searched through most SDSS galaxy spectra for SN-like spectra, and used SN template matching, rather than broad emission line fitting, to identify potential SNe. Here, we compare the results of the two methods.
Similar to Graur et al. (2013 Graur et al. ( , 2015 , R13 did identify 9 SN candidates (in a sample of ∼ 25, 000 objects) directly from the single-epoch SDSS spectra (Table 5 in R13; none of those have been followed up in this work). Those objects were identified because they exhibited P Cygni profiles in Hα. Of the 15 BPT star forming galaxies with broad Hα identified in R13 as RGG C !   FIG. 5. -The observed Hα-[NII] complex and corresponding best-fit profile for the SDSS, DIS, and OSMOS spectra of RGG C (NSA 109990). In each, the dark gray line represents the observed spectrum. The narrow emission line fit is plotted in green, and the blue shows the fit to broad Hα emission. The overall best-fit model is given in red, and the light gray line below the observed spectrum shows the residual between the observed spectrum and the best fit, offset by an arbitrary amount. This galaxy is classified as having transient broad Hα emission.
RGG 9!
FIG. 6.-The observed Hα-[NII] complex and corresponding best-fit profile for the SDSS and DIS spectra of RGG 9. The dark gray line represents the observed spectrum. The narrow emission line fit is plotted in green, and the blue shows the fit to broad Hα emission. The overall best-fit model is given in red, and the light gray line below the observed spectrum shows the residual between the observed spectrum and the best fit, offset by an arbitrary amount. We classify this galaxy as having persistent broad Hα.
RGG 119 !   FIG. 7. -The observed Hα-[NII] complex and corresponding best-fit profile for the SDSS, MagE, and DIS spectra of RGG 119 (NSA 79874). In each, the dark gray line represents the observed spectrum. The narrow emission line fit is plotted in green, and the blue shows the fit to broad Hα emission. The overall best-fit model is given in red, and the light gray line below the observed spectrum shows the residual between the observed spectrum and the best fit, offset by an arbitrary amount. We classify this galaxy as having persistent broad Hα. AGN candidates (14 of which are considered in this paper), one was detected by Graur et al. (2015) and classified as a SN II (RGG M, identified in Table 1 of Graur et al. 2015 as SDSS J131503.77+223522.7 or 2651-54507-488). The remainder did not meet all of the detection criteria set by Graur are from the NASA-Sloan Atlas database. Objects with transient broad Hα are plotted as the larger blue circles. These galaxies tend to have bluer colors with respect to the rest of the sample. We also include SNe II hosts identified in the SDSS (Graur & Maoz 2013; Graur et al. 2015) in galaxies below our mass cut-off. The masses and colors for these also come from the NASASloan Atlas database (except for the lowest mass SDSS SN II host, for which the mass/color are derived from the MPA-JHU Galspec pipeline). et al. (2013, 2015) and thus were not detected by Graur et al. (2015) . The Graur et al. (2013 Graur et al. ( , 2015 method is superior at detecting bona fide SNe II near maximum light, when these objects display prominent P-Cygni profiles. The nature of the objects considered in this paper is generally more ambiguous, as no P-Cygni profiles are seen and the emission line profiles are relatively symmetric (although generally broader and more asymmetric than the bona fide AGN; Figure 9 ).
During their survey, Graur et al. (2015) also identified five ambiguous broad-line objects in dwarf galaxies, which their pipeline classified as either SNe or AGNs. Of these, three were not in the R13 parent sample due to the stellar mass cut in two cases and a glitch in the NSA catalog in the third. Two are in R13; one was identified as a transient (Koss et al. 2014) , and the other (RGG J) is included in this work.
To understand why the majority of the transient sources presented here were not identified by Graur et al. (2013 Graur et al. ( , 2015 , and to try and learn something about their nature, we pass our continuum-subtracted SDSS spectra through the same supernova identification scheme used by Graur et al. First, the stellar continuum and narrow emission line fits are removed. We employ a different procedure from that used by Graur et al. to fit the continuum, but the overall result should be similar. Second, we de-redshift the spectra, remove their continua, and manually ran them through the Supernova Identification code (SNID; 15 Blondin & Tonry 2007) . Four objects were classified as old SNe II, i.e., when their spectra are dominated by a broad Hα feature, but with relatively low rlap values. The SNID 'rlap' parameter is used to assess the quality of the fit, and is equal to the height-to-noise ratio of the normalized correlation function times the overlap between the input and template spectra in ln λ space (see Blondin & Tonry 2007 for details). A value of rlap=5 is the default minimum and fits with rlap values close to 5 are regarded as suspect (see Blondin & Tonry 2007 for details) . Of the four objects identified as SNe II, two had rlap values < 5 and two had rlap ∼ 7. One object was classified as an old SN Ia at z ∼0.1. As the spectra were de-redshifted, this classification is not trustworthy. The other three objects failed to be classified by SNID. See Figure 11 for an example of the fit obtained by SNID to RGG C. We will discuss the special case of RGG J in some detail in Section 5.1.
Since we consider SNe II the best explanation for the transient broad emission, in the following we compute the expected number of SNe II in the R13 parent sample, and check for consistency with our results. R13 identified and removed 9 galaxies with SNe II from their sample based on P Cygni profiles in the broad Hα emission. Considering the 11 objects with transient broad Hα and three ambiguous objects identified in this work, we have 20 − 23 SNe II candidates. The Lick Observatory Supernova Search (Li et al. 2000) calculated the rate of SNe II in the local universe as a function of color and Hubble Type by observing more than 10,000 galaxies over the course of 12 years ). Using representative SDSS gri magnitudes and (g − r) and (r − i) colors for the star forming galaxies from R13, we use filter transformations (Jester et al. 2005; Bilir et al. 2008) to determine a typical (B − K) color in order to select the correct SN rate from Li et al. (2011a) . Choosing a galaxy stellar mass of 1.2 × 10 9 M and using the equation for (B − K) < 2.3, we find the expected rate of SNe II in a given galaxy over the course of 6 months is 0.002
−0.001 . We then convert this to a probability using Poisson statistics. We choose to compute the rate over 6 months since SNe II typically begin to fade at 100 − 150 days post explosion (see e.g., Kasen & Woosley 2009 Li et al. (2011) .
R13 analyzed spectroscopy of ∼ 25, 000 dwarf galaxies. For a sample of this size, the rate derived from Li et al. (2011a) suggests we can expect 50 +75 −25 SNe II. Using the rate from Graur et al. (2015) , we expect 65 +63 −40 SNe II in a sample of 25,000 galaxies. Both rates are roughly consistent with the number we detect in our sample. Using either rate, we compute that in a sample of 25,000 galaxies, we expect less than 1 to have an observed SN signature in the original SDSS observation and a signature from a new SN in the follow-up observation.
A Possible SN IIn in RGG J
In the following, we discuss the interesting case of RGG J. This particular source, classified in this work as having transient broad Hα emission, has fooled many of us. It was identified as a broad line AGN in Greene & Ho (2007) , Stern & Laor (2012) , and Dong et al. (2012) . Thus, it serves as an excellent cautionary tale that there may well be transient sources lurking in our broad-line AGN samples even at higher mass.
We also have more epochs for this target than others. It was observed twice by the SDSS, once by Xiao et al. (2011 Xiao et al. ( ) (spectrum taken in 2008 , and once by us in 2013. The SDSS spectra were taken on 11 March 2003 and 05 April 2003 (see Figure 12 ). Thus, our observations span a full decade. The SDSS flagged the second epoch as the "primary" spectrum, and so the fits in the literature are most likely made to that later epoch. During their survey, Graur et al. (2015) classified this source as either a SN IIn or an AGN based on a fit to the April 2003 spectrum. By 2008, when Xiao et al. (2011) observed this source with the Echellette Spectrograph and Imager on Keck II, there was still a (rather marginal) detection of broad Ha. The broad line is undetectable in our DIS spectrum, so we conclude the broad line may be produced by a SN IIn (Figure 12) .
Unlike SNe II-P and II-L, which exhibit broad H emission lines with P-Cygni profiles, Type IIn supernovae (SNe IIn) are characterized by narrow lines (FWHM < ∼ 200 km/s; hence the 'n' in 'IIn') with intermediate-width bases (FWHM ∼ 1000−2000 km/s) and bluer continua (see Filippenko 1997 for a review). SNe IIn comprise ≈ 5 ± 2% of all SNe and show a wide spread of peak luminosity ). The narrow lines are thought to be the result of strong interaction between the SN ejecta and a dense circumstellar medium. Though some SNe IIn have been associated with luminous blue variables (e.g., SN 2005gl; Gal-Yam & Leonard 2009 Smith et al. 2011b, and SN 2009ip; Foley et al. 2011) , the exact nature of their progenitors is still debated (see Smith 2014 for a review).
6. DISCUSSION We analyzed follow-up spectroscopy of 27 dwarf galaxies with AGN signatures identified in a sample of ∼ 25, 000 dwarf galaxies in the SDSS (see R13). Of our follow-up targets, 16 were found by R13 to have broad Hα emission in their SDSS spectra, and 14 had narrow emission line ratios indicative of AGN activity (there is some overlap between the broad and narrow-line objects).
Of the 16 SDSS broad Hα objects for which we have follow-up spectroscopy, we found that the broad Hα emission faded for eleven, all of which fall in the star forming region of the BPT diagram. As stated above, we consider SNe II to be the most likely cause of the original broad emission for these objects, though luminous blue variables and changing look quasars also produce transient broad Hα (see R13 for a more complete discussion of potential contaminants). We also find two of the SDSS broad Hα objects, both of which had narrow-line AGN signatures, to have persistent broad Hα emission, suggesting it is emission from virialized gas around a central BH. This also suggests that the broad emission for the remainder of the R13 narrow-line AGN/composite objects is due to an AGN. R13 calculates the type 1 fraction (or the fraction with detectable broad Hα emission) for BPT AGN to be ∼ 17% (6/35 objects). The type 1 fraction for BPT composites is lower; including RGG 118 (Baldassare et al. 2015) , ∼ 5% of the composites (5/101) are type 1. Finally, three SDSS broad Hα objects (all BPT star forming) are ambiguous and will require further observations to determine the source of broad emission.
In the case of RGG J, (the expected Type II SN; see Section 5.1), the broad emission was persistent over at least 5 years, but the FWHM and velocity shift varied considerably. Thus, in addition to determining whether broad emission is persistent, we also check for consistency between epochs. We note that differences in aperture could slightly affect broad emission measurements since the measured luminosity and FWHM of broad Hα depend on the fit to the narrow emission lines. Additionally, the instruments used all have dif- (Xiao et al. 2011 ; spectrum provided by Aaron Barth, private communication) . This spectrum shows some broad Hα emission as well, though it is distinctly blue-shifted with respect to the narrow Hα line center. The DIS spectrum, taken in 2013 and analyzed in this work, does not show evidence for broad Hα emission. ferent spectral resolutions, which can affect the measured FWHM. Finally, broad line regions can vary intrinsically on these timescales (Tremou et al. 2015) , making it difficult to determine the degree to which aperture effects play a role. Nevertheless, for RGG 9, we find the two measured FWHM to be consistent with one another within the errors. For RGG 119, the measured FWHM of Hα increases by ∼ 13% over the course of our three observations (though the first and last measurements are consistent within the errors).
In summary, we were able to securely detect broad Hα arising from an AGN in the follow-up observations of two SDSS broad Hα galaxies; both of these objects also have narrowline ratios which support the presence of an AGN. Both objects (RGG 9 and RGG 119) have BH masses of a few times 10 5 M . Chandra X-ray Observatory observations (Cycle 16, PI: Reines) will provide further valuable information about the accretion properties of these AGN. Three SDSS broad line objects (all BPT star forming) are classified as ambiguous and will require additional observations to determine whether an AGN is present. For the remainder of the star forming SDSS broad Hα dwarf galaxies, we find that transient stellar phenomena are likely to be the source of detected broad Hα emission. Given the relatively low FWHMs, faint flux levels, and the prevalence of young stars, we confirm that, in dwarf galaxies (and perhaps more massive galaxies) broad Hα alone should not be taken as evidence for an AGN -another piece of evidence (such as narrow line ratios) is required (see also discussions in R13 and Moran et al. 2014) .
We also measure stellar velocity dispersions for 12 galaxies with narrow-line AGN signatures. One of these -RGG 119 -also has persistent broad Hα emission. In this case, we use the broad emission to measure the BH mass and find that RGG 119 lies near the extrapolation of the M BH -σ relation to low BH masses. The measured stellar velocity dispersions for these targets range from 28 − 71 km s −1 with a median value of 41 km s −1 . With galaxy stellar masses of just a few times 10 9 , these stellar velocity dispersions correspond to some of the lowest-mass galaxies with accreting BHs. If the remaining narrow-line AGN/composites similarly follow the M BH -σ relation, their BH masses would range from ∼ 6 × 10 4 − 2 × 10 6 M (using the relation reported in Gültekin et al. 2009 ). This work makes use of: observations obtained at the MDM Observatory, operated by Dartmouth College, Columbia University, Ohio State University, Ohio University, and the University of Michigan; observations obtained with the Apache Point Observatory 3.5-meter telescope, which is owned and operated by the Astrophysical Research Consortium; data gathered with the 6.5 meter Magellan Telescopes located at Las Campanas Observatory, Chile. We thank Aaron Barth for providing us with the Keck ESI spectrum of RGG J. . We place this object in the "ambiguous" category (see main paper). In each plot, the observed spectrum is shown as the solid, dark gray line. The best fit line profile is given by the red line, and the residual is plotted at the bottom of each panel in light gray, offset by an arbitrary amount. In the Hα-[NII] panel, the blue and green lines give the best fit broad and narrow components, respectively. If there was no broad component required, the blue line representing the broad component will look like a constant line at F λ = 0. Figure B1 . This object has two SDSS observations (taken on MJD 52709 and 52734). We show both, and they are each labeled with their MJD. We place this object in the "transient" category. 
